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Purpose: The purpose ofthis study was to determine whether major vascular surgery could 
be performed safely and with significant hospital cost savings by decreasing length of stay 
and implementation f vascular clinical pathways. 
2Vlethods: Morbidity, mortality, readmission rates, same-day admissions, length of stay, and 
hospital costs were compared between patients who were electively admitted between 
September 1,1992, and August 30, 1993 (group 1), and January i to December 31, 1994 
(group 2), for extracranial, infrarenal abdominal aortic, and lower extremity arterial 
surgery. For group 2 patients, vasodar critical pathways were instituted, a dedicated 
vascular ward was established, and outpatient preoperative arteriography and 
anesthesiology-cardiology evaluations were performed. Length-of-stay goals were 1 day 
for extracranial, 5 days for aortic, and 2 to 5 days for Iower extremity surgery. Emergency 
admissions, inpatients referred for vascular surgery, patients transferred from other 
hospitals, and patients who required prolonged preoperative treatment were excluded. 
Results: With this strategy same-day admissions were significantly increased (80% 
[145/177] vs 6.2% [9/145]) (p < 0.0001), and average length of stay was significantly 
decreased (3.8 vs 8.8 days) (p < 0.0001) in group 2 versus group 1, respectively. There 
were no significant differences between group I and group 2 in terms of overall mortality 
rate (2.1% [3/145] vs 2.3% [4/177]), cardiac (3.4% [5/145] vs 4.0% [7/177]), pulmonary 
(4.1% [6/145] vs 1.7% [3/177]), or neurologic (1.4% [2/145] vs 0% [0/177]) complica- 
tions, or readmission within 30 days (11.3% [16/142] vs 9.2% [16/173]) (p > 0.05). 
There were also no differences in morbidity or mortality rates when each type of surgery 
was compared. Annum hospital cost savings totalled $1,267,445. 
Conclusion: Same-day admission and early hospital discharge for patients under- 
going elective major vascular surgery can result in significant hospital cost savings 
without apparent increase in morbidity or mortality rates. (J VASC SURG 1995;22: 
649-60.) 
Rising health care costs represent a critical issue in 
the United States today. Surgeons in particular are 
under significant pressure to decrease xpenses and 
eliminate unnecessary spending by optimizing re- 
source use. Managed carc organizations are playing 
an increasingly important role in the delivery of 
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health care and will not permit patients to be admit- 
ted to medical centers that cannot deliver health care 
at lower costs compared with competing hospitals. 
This is especially true for tertäary care centers.l,2 Low 
reimbursements for lower extremity arterial recon- 
structions for limb salvage has already been docu- 
mented. 3 
A principle method to decrease hospital costs in- 
cludes reduction of inpatient days. 4,~ In dealing with 
this problem of spiraling health-care costs and at- 
tempting to maintain control of out patients' care, we 
and others have altered the perioperative treatrnent of
patients tmdergoing major vascular surgery. 6-12 The 
purpose ofthis report was to determine whether ma- 
jor väscular operations could be performed safely and 
with significant hospital cost-savings by shortening 
length of hospital stay with well-defined strategies to 
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achieve these goals. These strategies only apply to 
cost savings in the acute care setting and do not 
address outpatient costs. 
PATIENTS AND METHODS 
Between September 1 and December 31, 1993, 
the Section of Vascular Surgery at Pennsylvania 
Hospital in Philadelphia, Pa., instituted changes in 
the treatment of patients tmdergoing major vascular 
surgery to decrease hospital costs in a safe and 
reasonable manner. We compared patients under- 
going elective major vascular surgery for a 1-year 
period before (group 1: September 1, 1992-August 
30, 1993) and after (group 2: January 1-December 
31, 1994) this interval. Patients underwent elective 
extracranial rterial surgery, infrarenal aortic surgery 
for aneurysmal or occlusive disease, and lower 
extremity arterial revascularization procedures 
(Table I). Clinical risk factors and indications for 
surgery were similar between the two groups (Table 
II). Same-day admissions, average length of stay 
(LOS), morbidity, mortality, readmission rates, and 
hospital costs were compared. Patients who re- 
quired emergency surgery, patients transferred from 
other hospitals, and patients who required pro- 
longed preoperative treatment including intrave- 
nous antibiotics or anticoagulation were excluded 
from analysis (Table III). 
Whenever possible, we attempted to decrease 
LOS and hospital costs with 10 specific strategies 
(Table IV). First, preoperative arteriograms were 
obtained on an outpatient basis, eren if balloon 
angioplasty was performed, which has been in- 
creasingly accepted as safe and cost-effecUve. 12 If a 
patient's baseline creatinine was less than 2.0 mg/dl, 
we proceeded with outpatient arteriography and 
administered intravenous fluids during the proce- 
dure and for 4 hours after the study. This specific 
strategy has not required additional costs because, 
as the number of hospital inpatients has decreased, 
nurses who previously cared for inpatients are now 
available to care for patients undergoing outpatient 
testing. 
Second, cardiology and anesthesiology evalua- 
tions were also performed on an outpatient basis. 
Third, operations in group 2 patients were 
performed the day of admissions when this approach 
did not pose undue risk to the patient. Patients were 
admitted at least 1 hour before surgery to a ward 
dedicated to preparing the patient for surgery and 
then were transferred toa holding area where arterial 
and intravenous lines were inserted. As previously 
mentioned, this aspect of our strategy has not 
required additional expenses because nurses who 
previously were caring for inpatients were available to 
function in a new capacity directed toward same-day 
adrnissions and outpatient testing. All patients in 
groups 1 and 2 who underwent extracranial nd 
aortic surgery received general anesthetics, and most 
patients who underwent lower extremity arterial 
surgery received regional anesthetics. Group 1 pa- 
tients were generally adrnitted at least 1 day before 
surgery for intravenous hydration, cardiology and 
anesthesiology clearance, preoperative laboratory 
testing, and arteriography. 
Fourth, decreasing LOS was also accomplished 
for group 2 patients through institution of "clinical 
pathways," or "case management protocols" and 
' care-maps."5 Clinical pathways for each of the three 
most commonly performed types ofvascular surgery 
(extracranial, aortic, and lower extremity) were 
developed after intensive and lengthy discussions 
among vascular surgeons, anesthesiologists, cardiolo- 
gists, hospital administrators, nursing representa- 
tives, and health-care consultants with expertise in 
this fiel& It should be noted that our hospital 
administration was the impetus for this project. Daily 
postoperative goals were established, and elimination 
of unnecessary outine postoperative blood tests, 
radiograms, and pharmacy use were agreed on by the 
physicians. On the basis of these discussions, order 
forms with standard postoperative instructions for 
each type of vascular surgery were made available to 
the nursing and surgical house staff. 
Fifth, length-of-stay goals for each type ofsurgery 
(extracranial, ortic, lower extremity) were based on 
safe and reasonable xpectations of the vascular 
surgeons. These goals included 1 day (including an 
overnight stay) for patients undergoing extracranial 
surgery, 5days for aortic surgery, and 0 to 5 days for 
patients undergoing lower extremity revasculariza- 
tion depending on the extent of surgery and the 
extent of tissue necrosis. 
Sixth, an attempt was made to limit use of the 
intensive care unit as another means of decreasing 
hospital costs. Generally patients who underwent 
lower extremity revascularization were transferred 
directly to the ward after observation i the recovery 
room, patients who unclerwent aortic surgery were 
transferrecl to the ward the first postoperative day, 
and patients who underwent extracranial surgery 
were discharged directly to home from the intensive 
care unit the first postoperative day. 
Seventh, a nursing coordinator interacted with 
the vascular surgeons on a regular basis to develop 
goals and establish daily protocols to achieve arly 
discharge and ensure adequate nursing care for 
patients in the intensive care unit and on the wards. 
Because of fewer inpatients, nurses have been avail- 
able to function as clinical coordinators for various 
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Table I. Type of operation 
Group I Group II 
Extracranial 40 51 
Carotid endarterectomy 38 (95.0%) 48 (94%) 
CCA-ECA bypass 1 (2.5%) 0 
ICA-ICA bypass 1 (2.5%) 0 
Subclavian-brachial bypass 0 1 (2%) 
CCA-subclavian bypass 0 1 (2%) 
Aortic 37 43 
Aneurysm 26 (70%) 34 (79%) 
Aortofemoral (occlusive disease) 11 (30%) 9 (21%) 
Lower extremity 68 83 
Femoropopliteal 19 (28%) 29 (35%) 
Femorotibial 20 (30%) 24 (29%) 
Popliteal-distal 14 (20%) 17 (20%) 
Vein patch fairing graft 9 (13%) 6 (7%) 
Femorofemoral cross-over 4 (6%) 3 (3%) 
Femoral interposition/profundoplasty 2 (3%) 4 (6%) 
Total 145 177 
CCA, Common carotid artery; ECA, external carotid artery;/CA, internal carotid artery. 
Table II. Comparison of patient populations in groups I and II 
Risk factors Group I (145) Group Ff (177) 
Sex 
Men 84 (58%) 120 (68%) 
Women 61 (42%) 57 (32%) 
Race 
White 124 (86%) 152 (86%) 
Black 21 (14%) 25 (14%) 
Age 68 (50-91) 67 (49-95) 
Hypertension 106 (73%) 133 (75%) 
Diabetes mellitus 52 (36%) 56 (32%) 
Smoking (current) 38 (26%) 62 (35%) 
Coronary artery disease ~ 64 (44%) 98 (55%) 
Serum creatinine (mg/dl) 
<2.0 126 (87%) 151 (86%) 
2.0-3.0 9 (6%) 13 (7%) 
>3.0 10 (7%) 13 (7%) 
Epidural analgesia (aortic surgery) 24 (65%) 38 (88%) 
Indications for surgery 
Extracranial 40 (100%) 51 (100%) 
Asymptomatic 12 (29%) 22 (43%) 
Amaurosis fugax 4 (11%) 10 (19%) 
Transient ischemic attack 
Hemispheric 11 (27%) 7 (15%) 
Nonhemispheric 5 (13%) 5 (9%) 
Stroke 8 (20%) 7 (14%) 
Aortic 37 (100%) 43 (100%) 
Aneurysm 26 (70%) 34 (79%) 
Aortofemoral (occlusive disease) 11 (30%) 9 (21%) 
Lower extremity 68 (100%) 83 (100%) 
Limb salvage 45 (66%) 58 (70%) 
Rest pain 20 23 
Ulcer/gangrene 25 30 
Disabling claudication 12 (18%) 17 (21%) 
Failing graft 9 (13%) 6 (7%) 
Peripheral aneurysm 2 (3%) 2 (2%) 
* Coronary artery disease includes history of myocardial infarction, congestive heart failure, ventricular rrhythmias, angina, S3 heart sound, 
aortic stenosis, coronary artery bypass, or coronary balloon angioplasty. 
specialties in our hospital, and this has not required 
increased hospital costs. 
Eighth, a dedicated vascular ward was established 
where patients were transferred after observation in 
the recovery room or intensive care unit. Establish- 
ment of a vascular ward did not require extra costs 
because this ward was already fully staffed before it 
was converted to a vascular ward. Other specialties 
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Table III. Patients not included in study analysis who underwent major vascular surgery 
Required prolonged 
Elective Emergency Inpatients Transfers preoperative stay
Group I 
Extracranial 40 
Aortic 37 
Lower extremity 68 
Total group I (276) 145 
Group II 
Extracranial 51 
Aortic 43 
Lower extremity 83 
Total group II (285) 177 
Total group I + II 
561 (100%) 
0 11 5 2 
4 3 2 3 
25 38 14 24 
29 52 21 29 
0 12 4 0 
2 3 2 3 
22 27 13 20 
24 42 19 23 
322 (57.4%) 53 (9.4%) 94 (16.8%) 40 (7.1%) 52 (9.3%) 
Table Ig. Methods to decrease l ngth of stay and limit costs of major vascular surgery 
Outpatient preoperative arteriography 
Outpatient preoperative cardiac and anaesthesia evaluation 
Same-day admission 
Clinical pathways for each type of major vascular surgery 
Establish length of stay goals 
Limit intensive care unit days 
Nursing coordinator 
Vascular ward 
Skilled care unit and home health care (nursing visits, physical therapy, wound care) 
Communicate expected ate of discharge to patient and family 
transferred their patients to other wards assigned to 
those specialties. The vascular ward did not have any 
special cardiopulmonary monitoring instruments. 
Ninth, patients were discharged from the acute 
care hospital earlier by use of a skilled care unit and 
visiting nurses. The skilled care unit is a separate 
facility adjacent o the achte care hospital where 
patients with stable conditions not requiring special 
care but not yet ready for discharge to home can 
undergo further physical therapy and wound care. 
The cost of a bed per day in the skilled care unit is 
$500 or approximately half of the acute care hospital. 
Patients who required foUow-up care were dis- 
charged from the acute care hospital or skilled care 
unit with arrangements for trained persormel to 
provide nursing care and therapy on an outpatient 
basis with office visits to the vascular surgeon more 
frequently than previously. Visiting home nurse costs 
were $100 per visit. Generally only patients with 
wound problems or tissue necrosis of the lower 
extremity required visiting nurses. Visits were made 
twice a day to several patients for 1 or 2 weeks, but 
most patients with foot lesions required only daily 
visits for 1 to 6 weeks after discharge. 
Tenth, these goals and expectations were carefully 
and repeatedly explained to the patient and family 
during preoperative discussions. 
Clinical data were collected prospectively and 
recorded in a computerized registry database. No 
patients were lost to follow-up. 
Hospital cost analysis was performed with the 
foUowing method. Patients were considered "out- 
liers" in groups 1 and 2 who experienced unusually 
prolonged LOS as a result of complications or 
problems with transfer to long-term care facilities. 
These prolonged hospitalizations were arbitrarily 
defined as more than 10 days for extracranial surgery, 
more than 25 days for aortic surgery, and more than 
30 days for lower extremity revascularization. This 
method is widely accepted when performing cost 
analysis because patients who had complications 
would unfairly greatly increase the average LOS, and 
patients who died shortly after surgery would un- 
fairly decrease the average LOS. These patients were 
excluded from LOS comparison but not from 
morbidity and mortality analysis. National average 
benchmarks were compiled from the most current 
2-year period of hospital claims data for each 
diagnosis-related group. Cost analysis for patients 
undergoing operation at our hospital was based on 
patient billing. From the summary of charges, the 
health-care advising specialists applied variable cost 
ratio of cost to charges upplied by the hospital. The 
analysis was performed uring the initial baseline 
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period and at the final tracking period, which enables 
consistency in any cost analysis method used. Annual 
cost savings refers only to the inpatient, acute care 
setting. It should be noted that third-party payors 
currently emphasize costs in the acute care hospital 
only, and therefore costs of the skilled care unit and 
outpatient setting were not included in this analysis. 
This method has routinely been applied when 
comparing length of hospital stay and acute care costs 
among medical centers across the United States. 
RESULTS 
Same-day admissions. There was a significant 
increase in the rate of same-day admissions from 
6.2% (9 of 145) for group 1 to 80.0% (141 of 177) 
for group 2 (p < 0.0001) (Table V). Twenty percent 
of patients in group 2 were admitted before the day 
of surgery because they were referred from far 
distances and were unable to travel repeatedly for 
outpatient evaluations. 
Hospital LOS. There were five "outliers" in 
group 1 (two extracranial, one aortic, two lower 
extremity) and one in group 2 (1 aortic) who were 
excluded from LOS comparison. The average acute 
care hospital LOS for the remaining patients ignifi- 
cantly decreased from 8.8 days for group 1 patients 
to 3.8 days for group 2 patients (p = 0.0001) (Table 
V). After implementing these strategies, the average 
LOS for patients at our institution versus the national 
average was 1.7 days versus 3.9 days for extracranial 
surgery, 5.9 days versus 10.7 days for aortic surgery 
and 3.9 days versus 7.4 days for lower extremity 
revascularization, respectively. There were no major 
differences in the two groups regarding indications 
for lower extremity revascularization in terms of 
ischemic ulcers or gangrene (Table II). 
Mortality rates. Despite a dramatic increase in 
same-day admissions and decrease in LOS, there 
were no major differences inmortality and morbidity 
rates. The mortality rate for group 1 was 2.1% (3 of 
145) and 2.3% (4 of 177) in group 2. The three 
deaths in group i were due to stroke associated with 
carotid endarterectomy and pneumonia mad myocar- 
dial infarction after lower extremity revasculariza- 
tions. The four deaths in group 2 were all due to 
myocardial infarctions and occurred after aortic 
surgery in two patients and lower extremity revascu- 
larizations in two patients. 
Cardiac complications. There was no major 
difference in cardiac omplications between group 1 
(3.4% [5 of 145]) and group 2 (4.0% [7 of 177]). 
Cardiac omplications were defined as postoperative 
myocardial infarctions, unstable angina, ventricular 
arrhythmias, or congestive heart failure. In group 1, 
the five cardiac omplications included four myocar- 
dial infarctions (three after lower extremity revascu- 
larizations, with one resulting in death as previously 
noted, and one after carotid endarterectomy) and 
ventricular arrhythmia in one patient resulting in 
congestive heart failure after aortic surgery. In group 
2, the seven cardiac complications included six 
myocardial infarctions (four resulting in death as 
previously noted, two after lower extremity revascu- 
larizations) and one cardiac arrest during aortic 
surgery. 
Pulmonary complications. There was no major 
difference in pulmonary complications (pneumonia 
or reintubation) between group i (4.1% [6 of 145]) 
and group 2 (1.7% [3 of 177]). In group 1, six 
patients had development ofpostoperative pneumo- 
nia after aortic surgery (n = 3), carotid endarterec- 
tomy (n = 2), and lower extremity revascularization 
(n = 1), the latter esulting in death. In group 2 all 
three pulmonary complications occurred after aortic 
surgery. 
Neurologic omplications. There was no major 
difference in perioperative stroke rates between 
group 1 (1.4% [2 of 145]) and group 2 (0%). Two 
patients in group i had strokes after extracranial nd 
lower extremity surgery. 
Readmission rates. There was no major differ- 
ence in readmission rates within 30 days of surgery 
between group 1 (11.3% [16 of 142]) and group 2 
(9.2% [16 of 173]) surviving patients. Of the 16 
patients readrnitted in group 1, four were readmitted 
after aortic surgery for atrial fibrillation (LOS = 3 
days), persistent rest pain that required a distal bypass 
(LOS = 5 days), incisional wound problem (LOS = 
5 days), and pneumonia (LOS = 5 days). The other 
12 patients in group 1 were readmitted after lower 
extremity revascularization for incisional wound 
problems (n = 4) (average LOS = 5 days), contin- 
ued care for foot lesions (n = 3) (average LOS = 8 
days), occluded bypasses (n = 3) (average LOS = 9 
days), a failing bypass (n = 1) (LOS = 3 days), and 
an ischemic ulcer that required amore distal bypass 
(n = 1) (LOS = 8 days). 
Of 16 patients readmitted in group 2, two were 
readmitted after aortic surgery for an incisional 
wound problem (LOS = 14 days) and for myocar- 
dial infarction (LOS = 8 days), one after extracranial 
surgery for pnemnonia (LOS = 5 days) and 13 after 
lower extremity revascularization for incision prob- 
lems (n = 5) (average LOS = 6 days), occluded 
bypasses (n = 4) (average LOS = 8 days), failing 
bypasses (n = 2) (average LOS = 3 days) and per- 
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Table V. Outcome of surgery for groups I and II 
Group EC Aortic Bypass Total p Value 
Same-day dmissions 
I 5.0% (2/40) 5.4% (2/37) 
II 94.0% (48/51) 67.0% (29/43) 
Average l ngth of hospital 
stay (days) 
1 5.1 11.2 
II 1.7 5.9 
Mortafity rate 
I 2.5% (1/40) 0% (0/37) 
II 0% (0/51) 2.3% (1/43) 
Cardiac events 
I 2.5% (1/40) 2.7% (1/37) 
II 0% (0/51) 4.7% (2/43) 
Pulmonary events 
I 5% (2/40) 8.1% (3/37) 
II 0% (0/5I) 7.0% (3/43) 
Neurologic events 
I 2.5% (1/40) 0% (0/37) 
II 0% (0/51) 0% (0/43) 
Readmission rate (in sur- 
vivors) 
I 0% (0/39) 10.8% (4/37) 
II 2.0% (2/51) 4.8% (2/42) 
Mean per patient cost (for 
each type of surgery) 
I $23,231 $45,694 
II $17,721 $34,198 
diff $5,510 $11,496 
Annual hospital cost sav- 
ings (total for each 
type of surgery) 
[I $281,010 $494,328 
7.4% (5/68) 6.2% (9/145) 
77.1% (64/83) 80.0% (141/177) p < 0.0001 
9.6 8.8 
3.9 3.8 p < 0.0001 
2.9% (2/68) 2.1% (3/145) 
3.6% (3/83) 2.3% (4/177) NS 
4.4% (3/68) 3.4% (5/145) 
6.0% (5/83) 4.0% (7/177) NS 
1.5% (1/68) 4.1% (6/145) 
0% (0/83) 1.7% (3/177) NS 
1.5% (1/68) 1.4% (2/145) 
0% (0/83) 0% (0/177) NS 
18.2% (12/66) 11.3% (16/142) 
15.0% (12/80) 9.2% (16/173) NS 
$32,867 
$26,938 
$5,929 
$492,107 $1,267,445 
EC, Extracraniat; BYPASS, lower extremity. 
sistent gangrene requiring amputations (n = 2) (av- 
erage LOS = 9 days). 
Overall there were no major differences in mor- 
tality, morbidity, or readmission rates in survivors 
when each type of operation, namely extracranial, 
aortic, and lower extremity surgery, was compared 
between groups 1 and 2 (Table V). 
Cost savings. Implementation of these guide- 
lines resulted in estimated annual hospital cost 
savings of $1,267,445 for patients undergoing major 
vascular surgery in group 2 compared with group 1 
with the method previously presented (Table V). 
There were cost savings of $5510 per patient who 
underwent extracranial surgery, $11,496 per patient 
for aortic surgery, and $5929 per patient for lower 
extremity revascularization. Costs of the skilled care 
unit, visiting home nurses, and extra time required 
by the physician and office personnel to evaluate 
patients more frequently in the postoperative p riod 
were not included in this analysis. 
DISCUSSION 
Costs for third-party payors are substantially 
increased with longer LOS) Similarly, hospitals 
desire shorter LOS because this increases the average 
income per bed-day, with the most lucrative days 
being the early days? By increasing volume, the 
overall cost per case is reduced) 
The results of this study suggest hat the most 
commonly performed elective major vascular opera- 
tions can be performed in a safe manner with 
significant cost avings by decreasing length of hos- 
pital stay. Others have noted similar results with 
decreased LOS, but these other reports focused on 
either extracranial 6,8,~°,12 or lower extremity sur- 
gery 7'n only. 
Factors that predispose to extended LOS for 
lower extremity b pass include age greater than 74 
years, history of cerebrovascular disease, and limb 
salvage surgery. 7 Age increases LOS because the 
elderly have other diseases that contribute to &pen- 
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dency and are less likely to have adequate home 
support systems. 13The elderly have a functional 
decline during hospitalization asa result of decreased 
muscle strength, diminished pulmonary venftlafton, 
and altered sensation and appetite, t4'~5 More than 
with any other surgical specialty, vascular surgeons 
care for patients with these and other isk factors. It 
should be emphasized that slightly more than half of 
the major vascular operations pefformed at our 
hospital were affected by our change in strategy 
(Table III). Third-party payors must be aware that 
limiting length of hospital stay is beyond the control 
of vascular surgeons to a large degree for patients 
transferred from other hospitals, patients requiring 
emergency operaftons, paftents requiring preopera- 
tive admission for infection or anticoagulation, or
patients who ultimately require vascular surgery after 
lengthy preoperative hospital stays on other services. 
We have adopted several strategies to achieve 
shortened length of hospital stays, same-day admis- 
sions, and decreasing hospital costs for patients 
requiring elecftve major vascular surgery without 
sacrificing patient safety. Outpatient arteriography 
has become routine and is associated with minimal 
complications. 12 When patients require balloon an- 
gioplasty or steht placement, they are generally 
discharged the same day after 4 hours of observation 
on an outpatient ward despite the use of larger 
sheaths and catheters. All patients in groups 1 and 2 
who had extracranial nd aortic surgery underwent 
preoperaftve arteriography, although our policy has 
recently changed, and we are currently obtaining 
arteriograms on a more selective basis. We also 
routinely obtain outpatient cardiology and anesthe- 
siology evaluations. This change in strategy has 
resulted in more intensive fforts on the part of our 
office nursing and secretarial staff to schedule these 
outpatient studies. Thus far we have not needed to 
hire extra office personnel to handle these extra 
duftes, hut instead out office nurse has shifted much 
of her time from that ofa nurse to that ofa secretary. 
As a result, the physicians perform more of the 
nursing duties in the office, have less time available to 
perform other duftes, and therefore spend extended 
time in the office and hospital to guarantee adequate 
patient care. 
Implementafton f clinical pathways has allowed 
us to develop goals and guidelines for patients 
requiring major vascular surgery. By establishing 
goals for LOS and daily progress in terms of diet and 
ambulation, a more disciplined management has 
been adopted by the staff surgeons and house staff. 
Others have documented that intensive care may be 
minimized after caroftd artery surgery without det- 
r imenta l  effects. ö,8,12 In view of these studies, we have 
recently been transferring patients undergoing un- 
complicated extracranial surgery to the floor after 
iniftal observation for 6 hours in the recovery room, 
but these paftents were not included in this series. 
Contraindicaftons to direct transfer to the regular 
floor after this observation period include labile 
blood pressure, history of significant cardiopulmo- 
nary disease, any neurologic symptoms, or significant 
neck hematomas. Paftents with stable conditions are 
transferred to the vascular ward in rooms immedi- 
ately adjacent to the nursing station and monitored 
with telemetry. Similarly, patients with stable condi- 
tions tmdergoing lower extremity revascularization 
are transferred to the floor from the recovery room, 
and efforts are made to transfer patients undergoing 
aorftc surgery to the ward on the first postoperative 
day. Essential to this strategy is establishment of a 
vascular ward dedicated to caring for paftents under- 
going vascular surgery with trained nursing person- 
nel. A nursing supervisor interacts with the surgeons 
to ensure asmooth transition while these changes are 
adopted. 9 We have found that discussion with the 
patient and family concerning the expected LOS is 
key to maximizing patient cooperafton. 
One concern of earlier discharge for patients 
undergoing major surgery is higher readmission 
rates. 15 However, other authors have reported that 
readmission rates have not been higher when carotid 
artery Surgery alone was considered. 12 Similarly, our 
results for paftents undergoing extracranial, aortic, 
and lower extremity surgery did not support this 
concern. 
As a namral sequela of earlier discharge from the 
acute care hospital, we dramatically increased the use 
of our skilled care unit and home health care 
personnel for wound care, physical therapy, and 
other nursing needs. This change in strategy repre- 
sents cost shifftng from an inpatient to an outpatient 
setting or to a less intensive hospital setting. Patients 
or third-party payors will need to cover these costs. 
As a result ofpressure exerted by managed health care 
systems, we have dramatically decreased hospital 
costs to remain competitive with local hospitals, but 
obviously outpätient expenses have increased. Daily 
nursing visits costing $100 are much less expensive 
than daily acute care hospital costs but offset our 
calculated annual hospital savings. More frequent 
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office visits are essential to monitor outpatient 
progress, which again places an increased burden and 
expense on the surgeon and office staff. More 
frequent postoperative office visits are another ex- 
ample of cost shifting from the inpatient setting to 
the physician who is not reimbursed for the first 3 
months after surgery. Therefore, although our results 
suggest drarnatic savings in the acute care hospital 
setting, costs have been shifted to the skilled care unit, 
outpatient setting, and physician. 
This smdy does not conclusively prove that our 
change in strategy regarding same-day admissions 
and early discharges i as safe as extended perioper- 
ative hospital stays. There was some selection bias in 
group 2 patients in that individuals considered to be 
at poor risk for major surgery were admitted the day 
before surgery for a period of intravenous hydration 
and observation. However, none had pulmonary 
artery monitoring catheters placed before the day of 
surgery (Table III). Of the 23 group 2 patients 
who required preoperaUve stays, only one patient 
who underwent aortic surgery and two patients who 
underwent lower extremity revascularizations were 
admitted before the day of surgery for hydration and 
observation. Most of the patients in group 2 admitted 
before the day of surgery refused same-day admission 
because they travelled rar distances to the hospital. 
Use of discounted nearby hotels is a solution our 
hospital has recently used as a solution to this 
problem. Group 2 patients who underwent aortic 
surgery received epidural analgesics more frequently 
(38 of 43 or 88%) than group 1 patients (24 of 37 
or 65%), which may account in part for less 
postoperative pain, earlier ambulation, and possibly 
earlier discharge. We are currently evaluating factors 
that might help predict which patients, especially 
those undergoing aortic surgery, should be admitted 
before the day of surgery for more intensive and 
prolonged cardiopulmonary monitoring. 
Our cost analysis shows that expenses remain 
high for patients undergoing vascular surgery at our 
hospital despite these interventions (Table V). Urban 
teaching hospitals are more expensive than suburban 
and rural commtmity hospitals for many reasons. To 
be competitive on a cost-basis analysis, cooperative 
efforts arnong physicians and hospital administrators 
at tmiversity medical centers must be initiated to 
lessen expenses. Geographic location and daily room 
charges at värying hospitals also play a large role in 
overall expenses. Cost of undergoing a femo- 
ropopliteal bypass at another major teaching hospital 
in a different geographic area than ours was almost 
$10,000 less expensive compared with out group 2 
patients. 17 Although this difference in cost is partly 
explained because the earlier study corrected its 
calculations according to 1990 dollars, the average 
LOS at the other center was 11.3 days compared with 
3.9 days at our hospital. 17 This marked iscrepancy in 
costs was primarily due to higher costs per day for 
intensive care and ward beds at our insfitution 
compared with the other teaching hospital. 
In conclusion, these results uggest that same-day 
admissions, early discharges, and implementation f 
clinical pathways for patients undergoing major 
vascular surgery results in significant apparent hos- 
pital cost-savings without increase in morbidity or 
mortality rates. We believe we have demonstrated 
that cost-effectiveness and quality patient care are not 
mutually exclusive. We firmly believe vascular sur- 
geons should take a leading role in helping to 
decrease health care expenses. However, third-party 
payors and health management organizations should 
realize that this change in strategy can apply only to 
a select population of patients requiring major 
vascular surgery, and some of the cost-savings are 
shifted to the outpatient setting. In the future the 
vascular surgeon will spend more time and effort 
caring for these critically ill patients in an outpatient 
setting with less professional satisfaction and dimin- 
ished financial reimbursements. 
Special thanks to Michelle Mann, Vice President, LBA 
Health Care Management Products, Englewood, Colo., 
the Administration ofPennsylvania Hospital, and Patrice 
Miller, RN, for assistance in providing financial data for 
this study. 
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DISCUSSION 
Dr. Jeffrey L. Kaufman (Springfield, Mass.). George 
Santayana said that those who cannot remember the past 
are condemned torepeat it. Much ofwhat we do in surgery 
is derived from the analysis of past complications, leading 
to what Charles Bosk described as normative values. 
Postoperative care standards are prominent examples of 
these value systems. Righffully so, they are strongly held 
and difficult to change because they protect our patients. 
A quiet revolution in these normative values is over- 
taking vascular surgery. The group from the Pennsylvania 
Hospital has demonstrated the safety of a new philosophy: 
that if patients are doing weil, don't hold them back out of 
fear that something might go wrong, because it probably 
won't. 
Dr. Calligaro's group has made the most comprehen- 
sive study to date across a broad spectrum of arterial 
reconstruction to demonstrate he utility of critical path- 
ways to shorten hospitalization, and they have admirably 
shown that there is a signiticant associated cost savings 
from this philosophy. There are only about a half a dozen 
good studies addressing similar issues. In December 1993, 
my group began a similar study. 
We examined 89 carotid artery procedures, and we 
used virmally the same "fast track" approach. We achieved 
a 1-day postoperative stay for 39% of the patients, and we 
are certain that upwards of 60% can have a 1-day stay after 
surgery. One outcome of our study was that there was a 
much higher probability of avoiding the intensive care unit 
and achieving a 1-day stay if the carotid artery surgery was 
scheduled for the morning. We have brought hese data to 
our hospital operating room committee, and we have 
demonstrated that there is a large amount of money that 
can be saved by giving us preferential operating room time. 
Why is the Pennsylvania Hospital study so important? 
The main reason is that think tanks are preparing manuals 
that teil insurers that the length of stay will be miraculously 
short, but there are no scientific data behind these 
protocols. The authors of these think-tanks have eren 
promoted the idea of a 2-day acute hospitalization for 
aortic aneurysm repair! In point of fact, the list of 
consultants for the manual includes only one surgeon listed 
by the American College of Surgeons as a member of a 
vascular society, and there was no input from the major 
national or regional vascular societies at all. Moreover, if 
one reviews the actual LOS data from the Western region, 
which has the shortest stays in the United States, one finds 
that barely any patients are achieving these projected very 
short stays. The data are organized to show the percentiles 
of the total population of patients achieving a given LOS 
by age. The data from the West are not that good. For 
example, for carotid endarterectomy, in the age 65-plus 
population in 1993 to 1994, a 2-day LOS was achieved by 
only 10% of patients. For lower extremity revasculariza- 
tion, the 50th percentile LOS for the age 65-plus popula- 
tion is 6 days, and only 10% achieved a 3-day LOS. For 
aortic surgery, the 50th percentile LOS was 9 days, the 
earliest discharge was at 6 days. No one is leaving the 
hospital in 2 days, but the insurers want to pressure us into 
achieving this short stay. There is much m yth in the 
utilization system that we are being held accountable to, 
and it is time that busy surgical groups do quality studies 
such as the one you have just seen to clarify the possible and 
safe from the impossible and unsafe. The 1995 U.S. 
national data published by St. Anthony's in Boston, 
Massachusetts, how the true average LOS for major 
vascular procedures, and these are still notably longer than 
what the Pennsylvania Hospital group has achieved: The 
mean LOS for carotid endarterectomy is 5.6 days. The 
aortic stays have a mean of I2.2 days, and other bypasses 
have a mean stay of 9.5 days. 
Did you use these data to obtain preferential scheduling 
ofcases in the operating room to make a shorter LOS more 
likely? 
What changes in surgical technique did you use to 
decrease your LOS? For example, did you harvest autog- 
enous vein or dose the wounds differently? What did you 
do to lessen the likelihood of an unexpected return to the 
OR? 
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Were there one or two particular changes in nursing, 
physical therapy, or social work services that were most 
critical to lowering the LOS, or was the success of this 
program really based, as we experienced, on a change of 
physician attitude and practice? 
Dr. Keith D. Calligaro. Indeed we do have preferen- 
tial starting times. We have a very nice situation at 
Pennsylvania Hospital, where we have two vascular oper- 
ating rooms and guaranteed 8 AM starts 5 days a week in 
both rooms. This enables us to get our patients undergoing 
carotid endarterectomy discharged the very next morning. 
We have not specifically changed our technique in the 
way we do surgery. The only way that you can consider 
changing your technique to get patients out sooner might 
be to try performing in situ bypasses with limited incisions 
and, it is hoped, enable earlier ambulation; we've tried 
doing that and have not found that it has helped rauch. 
There has been a change in physical therapy and 
nursing backup. We get the physical therapists involved 
more. We're very aggressive now with getting patients out 
of bed the first day, eren patients who have undergone 
tibial bypasses. A year ago I believed that patients with 
tibial bypasses needed to stay in bed for 4 or 5 days or else 
their leg swelling would become so severe that they'd never 
ambulate. We get them out of bed the very first day now. 
We are trying to discharge the 70-year-old patient with a 
straightforward femoropopliteal bypass from the hospital 
the second day if they don't have any foot lesions. 
Dr. Thomas F. O'Donnell, Jr. (Boston, Mass.). This 
is a very important study that expands the previous work 
of Edwards from Nashville. 
Can you teil us whether there was a statistically 
significant reduction in postoperative days? I imagine in 
group 1 a great percentage of your days were consumed 
before operation. 
Everyone would agree that LOS is important, but 
that's really the initial phase of cost reduction. You 
mentioned hospital costs. Did you have an impact on the 
costs of taking a patient hrough surgery, that is, have you 
changed your resource utilization? For example, for carotid 
endarterectomy, did you use a different flow through the 
recovery room shorter than it was before? Have you in any 
way changed the number of personnel required to take care 
of a patient undergoing vascular surgery? 
As you implied, one needs a good support system so 
that the patient can leave the acute care facility early. Do 
you use SNFs or the Visiting Nurse Association? Could 
you expand on how that plays a role in early discharge? 
One factor that we've found important in our devel- 
opment of"best" practice plans over the last 2 years is that 
informing the patient before operation how long they will 
be hospitalized is critical. Because once the physician 
emphasizes it in the office and the patient care team goes by 
in hospital and reemphasizes the expected LOS, neither the 
patient nor the family is upset when they are discharged 2 
days after carotid surgery. 
Dr. Calligaro. We're very aware of Dr. Edwards' study 
and refer to it in the study; it has led the way in many ways. 
There were very large, significant differences in postoper- 
ative LOS, more so even in the preoperative LOS. We have 
significantly changed the resource utilization in many ways, 
primarily in terms of laboratory and other studies. We 
recently have routinely been transferring patients under- 
going carotid endarterectomy directly to the unit after 
about 5 hours of observation i  a recovery room. 
The visiting nurse aspect ofthis plays an important role. 
Again, we've worked very closely with hospital adminis- 
tration and nursing representatives, and we not@ the 
visiting nurses to ger involved as soon as the patient gets 
home, and that has made a big difference. 
Last, I completely agree with you about telling the 
patient and the family about when the patient is expected 
to go home. There is resistance in a lot of patients. If a 
patient refuses, obviously we don't force them to go home. 
But quite frankly, by talking to them several times after the 
surgery, you can generally discharge when you believe it is 
safe. And I really want to emphasize that. It's not where you 
can just mention it once and expect hem to be willing to 
go home very soon. 
Dr. Daniel Walsh (Lebanon, N.H.). We found that 
having a dedicated vascular nurse clinician who coordinates 
physical therapy and visiting nurses has been extremely 
important in decreasing LOS. This person is the institu- 
tional memory rather than physicians, rather than house 
stall, rather than a piece ofpaper tacked on a wall. Have you 
used that approach? 
The second question relates to epidural anesthesia. 
We're using epidural anesthesia rauch more frequently. 
This technique can complicate arly patient ambulation. 
What has been the role of epidural anesthesia among your 
patients undergoing aortic and lower extremity bypasses? 
Dr. Calligaro. I agree, a nurse clinician is very, very 
important. There is a nursing supervisor at out hospital 
who has participated inthis process through this entire year 
of meetings with national advisors. Whenever there is any 
problem at all, we contact her, and she will take care of any 
problems with nursing. 
In answer to the second question about epidural 
anesthetics, we routinely now are using them for all aortic 
surgery, and we are ambulating patients who received the 
epidural anesthetic on the first day. We generally will leave 
it in until at least the second or third day. And we think that 
is actually one of the bigger reasons we're able to get 
patients undergoing aortic surgery ambulating sooner and 
getting them out by the fifth day. 
Dr. Enrico Ascer (Brooklyn, N.Y.). We also follow 
the same protocol that you have described. Interestingly 
enough, a month ago I received a visit from one of the 
administrators in my hospital with an article, "Length of 
Stay Cost Reduction Fallacies." From the hospital point of 
view, it may be that by overdoing this early discharge they 
may lose money and may change the reimbursement from 
an in-hospital patient from an ambulatory basis, and 
actually they have a list of all the cases in which they are 
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telling us not to discharge arlier than this because then 
we're going to lose a lot of money. The trend for carotid 
endarterectomy is 2 days. So ifyour administrator looks at 
the actual data on how much money he saves on the carotid 
endarterectomy, on non-Medicare patients, he may find he 
lost about $17,000 per patient. So I think that we are being 
pulled now in another way. There is no way to please 
everyone. 
Dr. Calligaro. As usual, Dr. Ascer has managed to ask 
a difficult question. Hospitals can lose money if you get 
patients out too soon simply because you have an empty 
bospital. 
Ifyour comments hold true, maybe we'Il suggest to our 
patients undergoing carotid artery surgery that they should 
stay another day and rest up a little bit. 
Dr. Jesse A. Bltunenthal (New York, N.Y.). How 
many admissions had to be cancelled because the patients 
were either unprepared or agitated or had some problems? 
Because 75% to 80% of the patients are being treated 
for limb loss, what percentage ofyour patients undergoing 
femoropopliteal bypass can go home within a couple of 
days? 
I think the most important influence in these types of 
studies is the patients you didn't study, in other words, the 
patients undergoing emergency operations, the patients 
transferred from other hospitals, the patients who have 
spent 10 days on the medical service before we see them, 
and the patients with postoperative complications. That's 
where we can save the money becanse it's the outliers that 
really lose tremendous amounts of money; how many 
patients' procedures were cancelled and then needed to be 
in the hospital 2 or 3 days before operation? 
Dr. Calligaro. Remarkably there were rather few 
patients whose procedures were cancelled, although it 
certainly has happened. This has resulted in a great deal 
more work on the part ofour office, secretarial, and nursing 
staff to take care of all this on an outpatient basis, and we 
don't get reimbursed more for that. 
Dr. Dominic A. DeLaurentis. I think our cancellation 
rate was a lot less with this system becanse so rauch of the 
evaluation was done on an outpatient basis. 
Dr. CaUigaro. Dr. Blumenthal had two other ques- 
tions. You mentioned about the femoropopliteal bypass. 
Overall, 85% of our lower extremity revascularization 
surgery is for limb salvage. We don't operate rauch for 
claudication, and we try to discharge those patients within 
a couple of days. If they had a large, open wound of the 
foot, they might require staying a little longer; but once it 
is obvious it is going to heal, we discharge them and get 
visiting nurses to take care of them. And your question 
about preoperative LOS is a very good point. You're right, 
patients can be on the medical service in our hospital for a 
month, getting treated for a variety ofthings; when they're 
finally sent to us, they need surgery, and I think that is 
going to be the way to cut expenses. 
Dr. Robert P. Leather (Albany, N.Y.). In regard to 
1-day LOS for patients undergoing carotid artery surgery, 
that's below the minimum outlier in the diagnosis-related 
group changes. In out area it's $1500 on day 1; ifyou send 
them home on the second day you get $7500. 
I want to emphasize that we have three nurse clinicians; 
they can and do spend a lot of time with the patient and the 
family from the initial interview for admission, right on 
through, and they do all of the educational part, which this 
whole system directly depends on, as well as the arrange- 
ments that you've alluded to. 
The question I have pertains to complicated, complex 
foot problems. It's not the reconstructive surgery that 
results in the LOS that's extended, it's how you treat hese 
feet in patients with diabetes and get them out in that 
length of time. I'd like to hear a little more detail on that 
strategy. 
Dr. Calligaro. If this turns out to be true thät we're 
losing money and the hospital is losing money by letting 
people go home the first day after carotid artery surgery, I 
guess we'll have to change out strategy. There have been 
several recent articles that demonstrate the safety of 
24-hour LOS for carotid artery surgery. So it's been shown 
to be safe, many institutions are doing it, and I assume all 
of these insfitutions are going to change if it turns out you 
save money by keeping patients in the hospitaL 
The nurse clinician with whom we deal has made a big 
difference. It would be nice ifwe would have more äncillary 
help to manage all these other details. It does place extra 
burden on the residents and on us. 
Last, the complex foot lesions have resulted in cost 
shifting. You have to have more visifing nurses, more 
physical therapists, and many more frequent office visits 
that the surgeon and your secretaries and the nurses do not 
get paid for. We will need to examine patients after 
operation at least once ä week to keep an eye on foot 
wounds and have them brought back to the office as 
opposed to keeping them in the hospital. I think that's 
certainly cheaper than keeping them in the hospital, but it 
has resulted in much longer hours on out part, on our 
secretaries, and on out nurses, and we don't get reimbursed 
for these extra efforts. 
Dr. Jeffrey L. Kaufman (Springfield, Mass.). I have a 
point ofclarificätion on diagnosis-related groups. Medicare 
abandoned the low-end trim point several years ago, and ä 
hospital is not penalized for coming in low, on Medicare at 
least, so you don't have to worry about that for carotid 
arteries nor for distal bypasses. 
Dr. DeLaurentis. I was startled to note how cooperä- 
tive the young vascular surgeons were while going through 
this process. In Philadelphia we have a very competifive 
situation, there are five medical schools, just about 85% of 
the employees in that city are covered by health mainte- 
nance organizations, either U.S. Health Care or Blue 
Cross/Blue Shield, and the stimulus to do this was to 
become competitive and to develop pracfice profiles that 
would be attractive to the different hird-party payors. 
Second, these new policies put a tremendous load on 
your office staff. We now have a person who does nothing 
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but schedule appointments with cardiologists, angiogra- 
phers, and anesthesiologists, spends hours on the phone 
trying to get all sorts of permissions from third parties to 
go ahead with different hings, and then trying to explain 
everything to patients. These costs don't show up in the 
cost analysis that we presented this moming. 
Finally, a disturbing reality is that we're still dancing 
with a 350-pound partner. Seventy percent ofour hospital 
budget is for personnel, including administration. There 
has been no reduction that I know of, and so I was surprised 
that the savings were only $1 million. For the effort that 
was expended during that year I believed the savings would 
be a lot more. A million dollars is a lot ofmoney, but I was 
surprised that there were no changes with the hospital 
milieu. I just don't know how much further we can go as 
surgeons to try to bring about these reduced costs if it is 
going to be a one-sided affair. 
Dr. Robert S. Walsky (Emerson, N.J.). I have a 
strong interest in the business aspect of medicine and am 
going through a Master of Business Administration 
program with special attention to associating costs with 
patient care delivery and patient care itself. There are ways 
we can save money, as with patients undergoing carotid 
artery surgery by sending them home a little earlier. But 
again I think we're dancing with a big bear that's going to 
come back to haunt the patients and not us. 
What I mean by that is, right now if we want to bring 
in a patient undergoing aortic surgery the day before 
surgery to put in a pulmonary catheter, you're saying we 
should. So what does that mean? We've got to wake a 
cardiologist up at 4 aM. Now, an HMO says, "Great, I don't 
care, I 'm saving money," but they're not really saving 
money; they're saving their money, but there is still a cost 
on the cardiologist and the patient coming in at 3 AM by 
having the nursing personnel there; the HMO is just not 
paying for it. There is a big cost in your office. That's not 
a saving, that's just a nonreimbursed cost. The HMO is not 
counting it because they don't want to pay for it anymore. 
So money is being lost, and time and energy are being 
spent. That is something that's not calculated because the 
HMO doesn't want to pay for it. They are cost shifting at 
the patient's, the doctor's, and the provider's expense. 
I think that ifwe send a patient home prematurely and 
cause them to be agitated by having them come in too early 
in the morning, there is a cost to that. Patients don't want 
to pay for it anymore, they don't accept it, they're just 
looking at the dollar. And I think we have to understand 
this now and start being more of a patient advocate and say, 
the dollar is important, but the dollar does not supersede 
the patient, and it does not mean that I 'm going to do all 
your work for nothing. 
And I think we all mnst step back and say, "We can do 
a lot of things on an outpatient basis, hut we also must 
understand there are things we can't trim," and ler the 
HMOs know that. And I think your data don't show some 
ofthat coming in early, going home early, and cost shifting 
to outside care. That cost isn't there and that's why your $1 
million is really an overstatement. It's just a number they 
won't reimburse, and I think we have to watch out for that 
very carefully. 
Dr. Calligaro. I agree with your comments. Again, as 
I stated, alot of this is cost shifting. And on the other hand, 
there have been significant real cost savings. It costs $1Õ00 
a day for a regular hospital bed in our hospital, which is 
pretty expensive compared with many, so by getting the 
patients out of the hospital sooner, you certainly are going 
to decrease costs, and obviously there's going to have to be 
more people involved with this than just vascular surgeons. 
The last point I want to bring up, though, has to do 
with your comment about aortic surgery and bringing 
them in that early. We don't quite have to bring them in at 
3 aM, but they do have to get there by 6:30 aM. The catheter 
gets put in by the anesthesiologist; the cardiologist does not 
see them that moming, they see them before operation, so 
that has not been that big of a problem. 
The issue that we are currently looking at has specifi- 
cally to do with aortic surgery and trying to idendfy when 
it really is safe to bring those patients in the morning of 
surgery and when it is not. There are patients that we did 
not feel comfortable admitting the morning of surgery, so 
we admitted them the day before. 
